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ABS’1’RACT

‘l-he Venus ]hvircmrnental  Satellite (VI RN1’) is being dcvclope.d by the Jet Propulsion 1,aboratory, }Iall
Acrospacc, the University of Wisconsin, and Oxford [Jnivcrsity  as an inexpensive but effcctivc  means of
assessing numerous and intcrrc]atcd  dynamical and chcn]ica]  processes within the deep atnmsphc.rc  of Venus.
Utilizing a small array of remote-sensing instruments designed to take advantage of several unique
characteristics of this  alien environment, Vl~,SA’I’ daily acquires quantitative thrc.c-dimensional global maps
of Venus in kcy cnvironmcnta]  fic]d parameters such as windfic]ds,  atn~osphcrc/ surface tcmpcraturc  fields,
and trace gas abundances, VI{SKI’ utilizes a 450-inclined, 30,000-km altitude circular orbit to achieve
consislcnt,  regular covcragc of the entire globe with minimal day-to-day variations in spacecraft operations,
allowing uplink/downlink  operations to bc conducted effectively and incxpcnsivcly  in a university setting. An
integrated hardware procurement approach, wherein a single contractor is responsible for the design,
manufacture, and integration of the entire space.craft, including the instrument payload, enables significant
savings in spacecraft/payload cost and schcduk.

IN’1’RC)IJLJCJ’JON

‘J ‘he Venus I invironmcntal  Satellite (VI NA1’) is being dcvclopcd to conduct a syst crnatic,  focusscd
invc.stigationof  kcy cnvironmcnta ]paramctcrsdiagnosti  cof global circulation, local meteorology, and chemical
proccsscs  within the dynamically- and chemically-active Venusian atmosphere. l)uring the year-long orbital
rcconnaissancc,  these characteristics (e.g., wind- fields; atmospheric and surface tcmpcraturc  fields; cloudtop
pressure-ahitudc;cloud particlcsizcs;  and the abundanccsof  chemically-activeand dynamically-diagnostictracc
spccics,  including CO, IIZO, OCS, and SOZ) will bc rnappc.cl globally and daily at 15-120 km spatial resolution
and at several lCVCIS  in the atmosphere from the surface to 90 km altitude. “J’his  information will bc used to
address (1) global circulation, including the roles solar-induced thermal tides, atmospheric eddies, and
travclling  and gravity waves have in powering the atrnosphcrc’s  unusual global super-rotation, (2) tropospheric
nmteorolo~,  including the dcvclopmcnt  and evolution of cnnve.ctivc  and/or orographically-induced  clouds
and/or storms in the upper troposphere, and (3) atmospheric and surface chcmistw,  including sulfuric acicl
cloud formation/dissipation processes and surface. weathcringcaused  by the interaction of the hot, dense lower
atmosphere with volcanically-generated surface material.

VlS41’ takes advantagcof uniquccharactcristicsof the CYthercan environment, together with rcccnt  advances
in detector technology, to accomplish its seemingly-amblt ious goals cheaply and efficiently. VJ ISA’J’  utiliiws
Venus’s intense flux of rcffcctcd visible and indigenous thermal radiation, together with the 2-1) multiplexing,
photon-counting capabilities of modern detector arrays, to achieve -100:1 S/N mcasurcnncnts with small
apcrlurcs  ( c 35 mm in diameter), with commensurate savings in overall instrument size, mass, and cast. I’he
number of instruments is kept small by exploiting in particular Venus’s spectrally-rich and bright 0.9 -2.5 pm
spcctrurn,  over which a near-infrared imaging spcctronwtcr  maps chemical abundances at several lCVCIS,  winds
in the middle atmosphere, cloudtop pressure-altitudes, ancl the spatial variability of surface temperature and
cmissivity.
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SCIENCI ; C)]] JI;CI’IVIX

VI {SKI*S focusscd  set of scicncc  goals include:

● Principal scicncc  goal: Ci]obal  circulation, including global super-rotalion

● Ancillary scicncc  goal: 1 acalizcd  mcteorc)]ogy,  including
cloud forn]ation/dissipation  and cloud chemistry

● Exploratory science goal: Surface .Scicncc, including volcanism

1. Global Circulation : ‘J’hc  Super-l{otation linigma

‘J”hc primary goal of VlKSA7’ is to resolve the kcy enigmatic problcm of Vcnusian dynamics, that is: What
powers and sustains the global  super-rotation? On Venus, the 70-km altitude cloudtops revolve around the
plancl  at an angular velocity sixty times greater than the lotational angular velocity of the underlying surface,
presumably powered by sunlight which is primarily deposited in this region. Yet, the peak of the atmospheric
momentum resides far below, near the 20-km level. 1 low dots this situation arise? Furthcrrnorc,  how dots the
cquatoria] region sustain its momentum against the drain of angular rnorncntum  which necessarily accmnpanics
the polcward  transport of relatively-warm equatorial ail ? Previous spacecraft observations (e.g., by Galileo:
Ilclton e[ al., 1991; Carlson el al, ]991) indicate that in both hcmisphcrcs  the rncridiorml  (north-south) flow
is indeed polcward  at the cloudtops. ‘Ilus  onc would expect the, equatorial atmosphere to bc moving more
slowly relative to the p]anct’s rotational direction than the atmosphere at middle and high Iatitudcs,  perhaps
even moving in the retrograde direction as occurs at low latitudes on llarth. Yet, Venus exhibits a
nearly-uniform progt-adc  angular-mor-ncnturn  profile from the equator to high latitudes. Again, how dots this
situation arise?

A number of hypotheses for the super-rotation have been proposed involving(1) thcrrnal tides produced near
and within the sunlight-absorbing 50-70 km middle and upper cloud regions (l~cls and l,indzen,  1974; }Iaker
and 1.covy,  1987; 1,covy,  1987; Newman, 1992) and/or (2) the vertical transport of momentum from the surface
by the mean meridional circulation (Gicrasch,  1975). ‘J’ransporl  of angular momentum is proposed to occur
mcridionally  and vertically via an array of hypothesized small-scale eddies, large-scale travcllirrg  waves, and
Vertically-propagating gravity waves. IJuc to spatial and temporal coverage and resolution problems, such
hypotheses cannot bc verified by either existing .spacccraft observations or expcctcd 1 iarth-based or dcsccnt
probe measurements. Iiarth observations cover only a 2 month period every 18 months for - 100 km (0.25
are.-scc) studies, constraining measurements to a narrow range of local times and sub-l ;arth longitudes on this
slowly-rotating planet. As for planetary flyby or orbiter spacecraft, no spacecraft cxccpt  for Galileo has been
capable of covering winds on both the day and nightsidcs,  and Galileo itself had just three hours to measure
the nightsidc  component, i.e., 0.1% of a Cythcrcan  day (117 Earth day). l~urthcrmorc,  the mcasurcmcnt of
small-scale eddies and waves requires spatial and temporal resolution on the order of tens of kilometers and
minutes-to-hours, respectively. ‘JIis  spatial requirement is beyond ground-based capabilities and such dense
tcrnporal  sampling has thus far not been obtained by spacecraft for morm than a fcw days (i.e. Galileo. “J’hc
spin-scanned Pioneer Spacecraft permitted just four maps a day). Obviously, neither can a reasonable. (ICSS
than a fcw hundred craft) armada of short-lived dcsccnt probes achicvc the required spatial and’ tcmpora]
coverage and sampling required to resolve eddies from mean winds.

VIXA1’, by globally mapping the cloud-tracked windfield at high spatial and temporal resolutions over an
cxte.ndcd range of altitudes, time, and solar lighting conditions, will dclincatc  the roles solar-induced thermal
tides, eddies, travclling  waves, and gravity waves have in powcrirrg  and transporting atmospheric super-rotation
throughout the middle and upper atrnosphcrcs.  VJ{SA’J’, by additionally mapping the upper cloudtop pressure
and the tcmpcraturcs  in and above this cloudtop once pm clay, will also quantitatively assess how WC]] Venus
adheres 10 cyclostrophic Mancc, as WC1l as measure the horizmtal  momentum and heat transports duc to
the mean eddy circulations.
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2. Meteorology Cloud Formation, IJissipaticm,  and Chmnistry

Venus’s atmospheric chemistry involves unique chc.mical cycles (IlzSO~ cloud formation from water and sulfur
dioxide, carbon monoxide and C)CS produced by photochemistry, c.tc). “l’he  concentrations, distributions, and
time variations of atmospheric water, sulfates and, CO are currently poorly constrained. A global dccrcasc  in
atmospheric SOZ witnessed by Pioncc.r  Venus since 1979 has been attributed to volcanism (1 ;sposito  ef aI,
1979). Alternatively, other investigators (Clancy and Muhlcman,  1991; }Mzwd  et af., 1992)  have attributed this
variation 10 dyn~mical  proccsscs. Indeed, rccemt  results from Galileo/NIMS  (e.g., C.arlson  e( al.; 1993 Collard
e[ al, 1993) indicate (1) a global variability in CO, and (2) regional and localized variabilities in the masses
of clouds and the sizes of the sulfuric particles within thcm, indicative of spatially-varying dynamical and
chemical processes. ‘1’o address such chcn~ical/dynan]ical  issues, V1 RA1’,  using near-it spectroscopic
techniques pionccrcd by Galileo/NIMS  and gloundbasccl  observers, will daily map out abundances of
chemically-active species and upper and lower cloud opacities, particle sizes, and mass column densities on
lfi-km scales.

3. Surface Scicncc

Recent  observations by Ga]ileo/NIMS (Carlson  et al. 1991 ) and groundbase.d observers (1 ,ccachcux et al. 1991;
Meadows er al. 1992) in the. relatively transparent 0.99 to 1.03, 1,1, and 1.18 pm windows demonstrate a clear
COrrclat ion of thcrrnal  flux with the surface topography. Vcmus 4-1> will exploit this result, correlating 1-pm
thermal flux with Mage]lan..derivcd surface topography to obtain constraints on surface emissivity, surface air
temperature, and vertical thermal profiles from O to 10 kilometer pressure altitude, Spatial and temporal
variations in surface air tcmpcraturc  will yield constraints on dynamics in the lowest regions of the
atmosphere. Moreover, volcanic activity should bc readily obscrvab]c via temporal and spatial variations in
the surface thermal flux, and by localim.d  variations in 1 IZO, SO~, CES, and other volcanically-generated
spcci m.

liigurc  1 shows rcprcscntativc examples of the kind of global imagery V1NA3’ expects to acquire, based on
previous Galileo and Venus Pioneer mission cxpcricncc.  IJigurc 2 shows atmospheric lCVCIS where various
cloud opacities, winds, pressures, tcmpcraturcs, and chemical constituents arc to bc measured. ‘1’able I
indicates the primary observational wavelength(s), mcasurcmcnt covcragc and resolution, ancl n~casurcmcnt
uncertainties cxpcctcd for each of these parameters,

MISSlON I)I;SJGN

1 Mission Concept

VliSA’I’  orbits Venus every 21 hours in a circular, 45-degree. inclined, 30,000-kn~  altitude orbit. “Ilrec remote
sensing instruments utiliz.c this unique geometry to measure dynamically- and chemically-important
atmospheric parameters over a wide range of altitudes, covering almost the entire globe each day. Some.
surface tcxnpcraturc  information (in particular, its daily and spatial variability) is obtained as well; this will bc
corl e.latcd with known topography to de.ducc constraints on at mosphcric  tcmpcrat  urcvariations  from the mean
surfac.c  lC.VC1 to approximately tcm kilometers altitude (the. height of Maxwell Montcs),  ancl to search for and
characterize volcanic activity (including emissions and surface flows).
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Figure 1 (Above). Representative inlagery/
maps expected from VESAT derived from the

temporally- and spectrally-limited Galileo SS1
violet  and NIMS near-ir full-disk dayside  and
nightside  imagery/nlap set, Violet filter (top left)

and 2.3 prm images show cloud fealures near

50 and 70 km altitude, respectively, from which
high-  and middle-level atmospheric winds can

be deriveci.  Surface radiation effects (e.g., the
relatively cool peak  of Maxwell Montes  near the

North Pole; c.f, radar image below) are
discernible in the 1.18-pnl low S/N NIMS map

(here uncc,rrected  for limb-darkening and
residual cloud effects). Cloudtop  and

atmospheric thermal emission near 70 and 75

knl observed at 4.56 and 4.84 ~m by NIMS will

be observ(~d at 13.1 and 13.5 ~m by VESAT.
VESAl’s improved spectral coverage,

increased S/N, and additional viewing

capabilities (dayside near-ir  views; nightside
views unobscured by S/C booms, here causing
the holes ir-l the NIMS data) extends

significantly Galil@o’s capability to n]easure
temperatures, pressures, and abundances.

Figure 2 (right). Measurement objectives.

VESAT will obtain wind, temperatLJre,  pressure,
and compositional information at the indicated

levels.
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VESAT MEASUREMENT OBJECTIVES AND UNCERTAINTIES

>PATIAL  COVERAGE: GLOBAL
[EMPORALCCN/ERAGE: <DAILY FOR1 EARTH YEAR
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● PRECISION DPNOTES THE UNCERTAINTY IN TEMPORAL OR PIXEL-TO-PIXEL SPATIAL VARIATIONS<
AND IS DRIVE:N  BY THE S/N OF THE MEASUREMENT. ACCURACY DENOTES THE UNCERTAINTY IN
ABSOLUTE QUANTITIES, TYPICALLY DRIVEN BY UNCERTAINTIES IN THE ABSOLUTE CALIBRATION
OF THE INSTRUMENTS AND THE MODELLING/ANALYSIS  PROCEDURES USED TO DERIVE SUCH
QUANTITIES. FIGURES BASED ON (1) CARLSON El Al (1891), BAINES AND CARLSON (1891), AND
LIMAYE AND SOUMI (1981) FOR WINDS; (2) CARLSON ET AL (1991) AND CRISP ET AL (1991) FOR
ABUNDANCES AND PRESSURES, AND (3) SCHOFIELD AND TAYLOR (1983) AND CARLSON ET AL
(1991) FOR TEMPERATURES.

2 1.aunch Opportuniti@Mission  Mass Rreakdown

1.aunch opportunities occur approxirnatelyever-y  eighteen months. Spccificopportunities  cxisIJunc  2-17, 1999
and IJcccmbcr 26, 2000 - January 10, 2001. }/or these launch windows, a “1’~m 1 trajectory using a l~elti~  11
7925 launch vehicle places the VIHAT  spacecraft in orbit with > 130 kg of dry-weight margin. ]ior the June
1999 launch window, the trip time ranges from 125 to 136 days, with Venus orbit insertion occurring about
Octobcr 15, 1999.  launch Ca is 10.4 -11.4 kn~2/s2, and delta-V for Venus orbit insertion is 2.3 krnhcc. launch
vchiclc  throw mass to Venus is 947-963 kg, including 7% ?CSCJVC  mass margin. With 43 kg of hydrazinc  (1S1’
= 2!20 see) used to perform 100 rn/scc of trajectory course maneuvers, and 4S1 -486 kg of bipropcllant  mass
(lS1) = 308 SCC) used for Venus orbit insertion, the dry spacecraft mass available to bc dclivcrcd  on-orbit  is

422 -438 kg, some. 200 kg greater than the VliSA’1’  payload of 227 kg. A detailed S/C and mission mass
breakdown is dcpicte.d  in ‘l’able 11.
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3. Mission Rcquircnmnts

l’m.lirninary  mission rcquircmcnts  include:

. 1,aunch vchiclc:  Delta II 7925.
● IO:C3 S 12 krn2/s2  ;V= <3.1 kn~/s
. Mission/spacecraft lifetirnc z 1.5 years, including 1 year in Venus orbit
● Carry at least 100 n]/s  of delta-V for trajectory correction maneuver
● Perform onc major propulsive S/C maneuver: Venus orbit inscrlion
● Venus orbit: 30,000 ~ 3000 km altitude at 45” Y 10° inclination
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4. Obscrvaticmal  ‘J’imc 1.ine and I)ata Volume

A salient feature of the W FA1’ mission is the regularity of science mcasurcmcnt.s.  l;ach day, the 21-hour
complete-orbit observation period is comprised of seven identical three-hour segments. 1 )uring each segment,
the full disk of Venus is scanned, via SIC SICWS, in two different nmdcs (c. f., IJigurc.  3). ];OI the first 90
minutes, the “Conlposition Mode” is used, wherein atmospheric. composition information is c}btaincd  via
push-broom 0.25 -mr/scc  scanning of the. planet with the Near-infrarccl imaging Spcctromctcr  lixpcrimcnt
(NISI;).  In addition, during each of the three scans which together cover  the disk, onc 10-mscc exposure
violet image is snapped “on-the-fly” in the, middle of the scan with the Violet Imagcr (VI) for measuring the
70-km-altitude windficlds.  Subsequently, the next 75 minutes arc used to complctc  gathering of dynamics
mcasurcmcnts. 31is “I>yn,an]ics  Mode” acquires multi-level measurements of atmospheric tcmpcraturcs
utilizing the mid-infrared Atmospheric ‘I’cn~pcraturc  Mapper (A’J”M) and 0.95-pm and 2.3-pn~ determinations
of the SO- and 56-kn~ windficlds using NIS1~,  again in push-broom scanning mode. Additional 70-km wind
information is obtained with VI, at 12.5 -n~inutc  resolution vs the 30-minute resolution obtained in the
Composition Mode. ‘l”he  15-n~inutc  rcmaindc.r  of the three-hour observing cycle is used for calibratio]ls,
repositioning, and for contingency,

‘I”hc maximum data volume acquired is 2.8 gigabits  pcr day under this scenario. Using (1) editing to discard
unwanted views of space, over-saturated dayside NISli pixels and under-lhrcshold nighttime VI pixels, and (2)
standard 2:1 compression techniques such as being developed for C]alilco/NIMS,  C]alilco/SSI,  and
Cassini/VIMS,  the maximum downlink  data volume may bc. readily rcduccd  to lCSS 1 gigabit pcr day. “l’his is

readily accommodated by the daily VI ISA’1’ 3-hour downlink  with a I)SN 34-n~ctcr ground station.

JUGURI; 3

I
.—

VENUS
DIAMETER
350 MRAD

COMPOSITION MODE DYNAMICS MODE

DURATION: 1:30 LNIFIATION:  1:15
DATA VOL : 170A MBITS (MAX) DATA VOL :229,4 MBfTS (MAX)

NISE (120 X 0.25 MRAD) NISE (120 x 0.25 MFIAD)

50 SECS

30MIN

[

I
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NISE

. JOINI OBSERVATION S BY NISE  AND VI . JOINT OBSERVATIONS BY ATM, NISE AND VI

. NISE:  3 SWATHS, 1 SWATH EVERY 30 MINUTES . ATM: 50 SEC SWATHS, 90 SWATHS TOTAL
20 WAVELENGTHS (MAX) . NISE:  ACOUIRE 1 SWATH EVERY 15 SWATHS (12.5 MINS)

. Vl: ACOUIRES 1 IMAGE PER SWATH . w: ACQUIRE 1 IMAGE EVERY 15 SWA THS (12.S MINS)

lrJ ,IG1 I’J’ SYS’J’JIM  D}~SIGN

1 Requirements

in addition to meeting the mission requirements discussed above, the S/C must satisfy the following
rc.quircmenls  to achicvc mission SUCCCSS:

● l’rovidc attitude control to 1 mrad and Jmowlcdgc to 0.5 mrad
. l]rovidc thermal control during cruise and Venus orbit operations
. l’rovidc 100 kbps tclcmctry  for 3 hrs/day  downlink  to the 34-n~ I)SN at 0.3 AU
. l’rovidc storage for 1 gigabyte of scicncc  and engineering data.
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2 System lksign

“1’hc VI IXA7’ spacecraft is a 3-axis stabilized design (1’able 11), designed and built by IIall Aerospace based on
their similar three-axis stabilized Cicosat IJollow-on S/C design. II uses subsystems based on proven
compcmcnts  to provide attitude control, propulsion, thermal control, power, command control and data
handling (CC&lJl I), and communications functions during the mission and to allow the SK to act as a dual-
axis gimbal to point the science instruments. ‘1’hcsc subsystems and the instrument payload arc supporlcd  by
a simple and compact structure fabricated from aluminum hmcycmnb. “1’hc  resulting configuration is small
and light enough to be injected into the mission orbit by a l)clta-7925,  with > 160 kg of payload margin, A
separate bi-prop/n~ono-prop propulsion module is used for trajectory correction burns and Venus orbit
insertion. l’owcr is supplied via body-mounted solar CCII arrays.

lNSI’RLJMliNJ’S

~’hc VESAq’ instrument cmnplcmcnt  consists of three compact remote-sensing in~agcr/  mappers which are
radiatively  cooled and arc recessed behind a common  lightshadc which forms one cnd of the
cylindrically-shaped spacecraft. ‘J’his  instrumentation includes a Violet lmagcr  (Vi), Near-infrared imaging
Spcctronlctcr  I’lxpcriment  (NISF.),  and Atmospheric ~ ‘cnq)craturc.Mapper (AI’M), dcpictcd in I;igurc 4. “1’hcsc
instruments arc co-aligned, viewing Venus through an obscrvingportholc  located on the lightshadc.  Radiative
rmolcrs arc oriented along the spacecraft z-axis, cooling the instrument focal planes to less than 95 K.
Scanning is accomplished without the usc of mirrors, utilir.ing  just S/C slews.

~’able 111 depicts salient characteristics of the three instruments. I’hc instrument package weighs less than
14 kg and consumes less than 14 watts.

views of sPacc and of a well-calibrated and tenlpcraturc-n~onitored  aperture door are used to calibrate. the
11-15 pm A’I’M instrument. VI and NISI; pixel-to-pixclrc.lativc  (“flat field”) calibrations arc accomplished via
diffusers located on their aperture doors which, when shut, arc placed in the line of sight of the VCIIUS
daysidc.  Absolute calibrations are. unnecessary for V], since this instrument is used only for feature tracking.
Obscrvations of the well-established and constant Vtmus daysidc  cmtinuum  reflectivity between CO:

abscmption bands, also observed through the diffuse.r, provide both pixel-to-pixel relative calibration along  t hc
slit and relative spectral calibration. Absolute calibrations are obtained via star calibration and/or comparisons.
with ground-based near-ir observations of Venus acquired during the mission.

I’AIII.I; 111

VESAT lNSTR(JMEN~ CHARACTERISTICS
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FOCAL LENGTH
F/#
DIAMETER
SIZE
SPECTRAL RANGE
SPECTRAL RES.
FOOTPRINT
IFOV
FOV
MASS
POWER
DATA
EXPOSURE TIME
SNR
DETECTORS

CNJANTIZATION

VIOLET IMAGER

42 mm

8
5.24 mm

13x12 x12cm
360 nm
40 n m

t7 km
0.5 mr

29.34 deg
2.5 kg

5WATTS
14 MBITS/lMAGE

10ms
100

lkxlk
21 MICRON

14 BIIS

—.—.
NISE. — .

142 nlm
4.6

31 mm
30x15 x15cm

1.0- 2.5 MICRC)N
2.5 nm
8 km

0.27 mr
7.6 deg
4.5 kg

6 WATTS
SELECTABLE

2 SEC.
21

640 X 480 SWIR
19 MICRON

l? BITS
— . . .

—
ATM_.—. —

37.5 mm
1.5

25 mm
25x15 x10cm

11.5 -14.3 MICRON (6 BANDS)
0.6 MICRON, 0.2 MICFION

138 km, 27 km
4.2 mr, 0.84 mr

N/A
4.8 kg

2,5 WATTS
1385 BPS

0.4 & 0.08 SEC
500

HgCdTe (150 MICRONS) -5
HgCdTe  \~xB::SMICRON)
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}lffcclivc  managcrnc.nt  is the key to enabling this and othcI l~iscovcry  missions. ‘1’hc tight cost and schedule
constraints (lCSS than $150 million hardware dcvclopn~cnt/dclivc~/flight  costs through launch + 30 days, to
bc achicvcd  over less than three years) necessarily means a streamlined management approach which can find
cffcctivc  solutions quickly.

Overall, VI;SA’J’ utilizes a managcmemt structure similar to those previously successfully employed for the
Solar  M csophcric  ] ixplorcr  and the Ilall/Acrospacc  I(M 1 i progr ares. A small set of manufacturers and
institutions arc integrated Iogcthcr,  utilizing their most cost-cffcctivc  cxpcrtisc  to manage particular facets of
the mission (cf., l’igurc  4). In particular, onc hardware manufacturer, in this case, IIall  Acrospacc,  has pritnilry
rcspcmsibility  over all harclwarc  design, fabrication, integration, test, and delivery, including all the scicncc
instruments. J])]., lcd by the Principal investigator and l’loje.ct  Manager, has overall mission responsibility.
A J]’], l~light  IIardware  “1’cchnical l;nginccr  ove.rsecs  the spacecraft and instrument harchvarc dcvclopmcnt,
integration, and test activities on”-site at l]all Acrospacc.

At Jl>l., mission design, navigation, and the end-to-end information system tasks arc accomplished. 1 ligh
activity flight operations arc also plannc.d and conductc.d there. On-orbit routine mission operations arc
managed by the SS1 K at lhe. University of Wisconsin.

On the sciemcc  team, each Co-Investigator is responsible for aiding the Pl in ovcrsccing a specific facet of the
Mission. In particular, each scicncc  instrumc.nt  has an expert Co-I, previously cxpcricnccd  in developing and
flying a comparable flight instrument, assigned to it to ensure that scicncc  rcquircmcnts arc met, l)r. Robert
W, Carlson, 1’1 of the Galileo Near-lnfrarcd Mapping Spectromctcr  (NIMS), is the instrument CO-1 for the
VI XA7’ Near-infrared lnlaging Spcctromctcr Itxpcrimcnt.  IJr. lhcdcric. 7 ‘aylor,  1’1 of the Pioneer Venus
Orbiter lnfrarcd  Radiometer (OIR), is the instrument Co-I for the VliSA’J’ Atmospheric 3’cn~pcralure
Mapper.

I;IGLJRI 14

E -

—..

CODE SL

1
DISCOVERY PROGRAM MANAGER

OVERSIGHT BOARD.

E=$~~ i=

BALL AEROSPACE ! PRINCIPAL INVESTIGATOR ~

r*r” *m

r - - - - - - -  - - - - - - - - - - - - -  - - - - - - - - - - - - - - - -  - - - - -
I

FUGH1 HARDWAR=_
I

i
I

I
TECHNICAL I

ENGINEER
I

I I
I JPL

Ich,

I
I---- .—— I

SPACECFWFT  SYSTEMS ENGINEERING I
BALL AEROSPACE I

I
ALAN DELAMERE,  cm.— .-. !

[

..—. I
I

INSTRUMENTS i
I-— I

: I
I ACTIVITIES Al BALL AEROSPACE
L - - - - - - -  - - - - - - -  --.-----  - - - - - - - - - - - - - -  - - - - - I

9



b

,,
,.

(:ONCI ,US1ON: VIiSAT IM1’A(3’ ON SCI1;NC1{, SOC:ll;’l”Y,  ANIJ 1’1 .AN1 tT’AllY I;XPI K) RNI”1ON

VliSA’J’  addresses fundamental issues pertaining to atmospheric dynamics, atmospheric composition,
cloud/atmospheric chemistry, and surface properties in a uniquely alien environment which represents one
cxtrcmc of the kinds of atmospheres found in the Solar Syslcm (i.e., hot, dense COZ atmosphtvc vs cold, thin
C07  Martian case or cold reducing atmospheres of the outer Solar Systcm).  Venus is the only planet (save,
perhaps, the Earthhhcre  crucial atrnosphcricvar iablcs such as winds, temperatures, pressures, and abundances
of chemically-active species can be observed in the four spatial and temporal dimensions. At the same time,
the limited effects of seasonal and surface variability on atmospheric circulation (2.6° obliquity; lack of oceans
for heat transport and associated meteorology) compared to that found on the l;arlh)  render Venus a
particularly simple global laboratory for understanding I{arth’s own dynamic meteorology and atmospheric
chemistry. Building on Vc.nus  l’ionccr  and C~alileo observations, VI NKI’ will in particular scrutinize the
pararnctcrs  important for understanding Venus’s 4-day super-rotation, thereby resolving one of the most
important and intriguing problems presently facing planetary dynamacists.

VJ XKJ’ merges the most capable and cost-cffcctivc  aspects of the industrial, university, and NASA
wmmunitics  to quickly and efficiently produce and fly a planetary orbital mission resulting in a prodigious
quantity of high-quality science at low cost. IJircct  undergraduate and graduate student involvement in
planetary spacecraft operations and scicncc.  analysis will contribute substantially to the Nation’s space flight
and scicncc  infrastructure. In the end, it is expected that the Venus 4-11 mission will serve as the example
of how low-cost, high-yiclcl  planetary missions should bc conducted in the 21st century.

Yet, VJISAq”will  produce more than ncw spacecraft, science, and scientists. Given the unique capabiliticsthis
mission has in revealing the dynamical middle-atmosphe~c otherwise hidden beneath the planet’s pex-pctual
upper cloud cover, this mission will likely stimulate unusual public interest. In particular, three-dimcnsiona]
movies  of Qthcrcan  meteorology (storm system development and dissipation) and global circulation will bc
of interest, as will any imagery of lightning or movies of active surface volcanism.
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